oligomeric matrix protein/thrombospondin 5 (COMP/TSP5) is a major component of the extracellular matrix (ECM) of the musculoskeletal system. Its importance is underscored by its association with several growth disorders.
fluid have been proposed to be used as indicators for cartilage destruction in arthritic conditions (11, 13, 14) .
COMP/TSP5 mutations cause two human skeletal dysplasias: pseudoachondroplasia (PSACH), and multiple epiphyseal dysplasia (MED/EDM1) of the Fairbanks and Ribbing types (15) (16) (17) (18) (OMIM entries 177170 and 132400). PSACH and MED/EDM1 differ in severity with the former presenting as a severe growth deficiency affecting cartilage and bone development. Both conditions are associated with gait abnormalities and patients require hip replacement in the second or third decade of life. Marked dilation of the rough endoplasmic reticulum in growth plate chondrocytes has been observed ultrastructurally (19) . COMP/TSP5, type IX collagen, aggrecan and possibly link protein have been reported to be retained in the large rER cisternae (20) (21) (22) (23) (24) . In this investigation, we have studied the function of MUT3, a COMP/TSP5 single amino acid deletion (D469del) mutation accounting for 30% of the PSACH patients.
Although immunohistochemical data and COMP/TSP5 mutations in PSACH and EDM1 suggest that COMP/TSP5 is important in cartilage, its precise functional role is currently unclear. Cartilage ECM contains three classes of proteins: collagens, proteoglycans, and other noncollagenous proteins including COMP/TSP5 (25) . Of these major components of cartilage, COMP/TSP5 can interact with type II and type IX collagens in a zinc-dependent fashion via its C-globe region (26) (27) (28) . Through this interaction, COMP/TSP5 is thought to play a direct role in regulating collagen fibril formation and maintaining collagen network integrity.
Structurally, COMP/TSP5 shares some of the structural domains that are also found in the other TSP proteins (1, 2) . It has the coiled-coil region and interchain disulfide bonds responsible for pentamer formation, four type 2 repeats, seven highly conserved type 3 repeats that consist of 13 potential calciumbinding loops, and a C-terminal globular domain (Cglobe region) (1, 2) . COMP/TSP5 lacks the two domains that function as heparin binding sites within TSP1, and it has been reported previously that COMP/TSP5 did not bind to heparin or purified proteoglycans (26, 29, 30) .
We and others have shown previously that COMP/TSP5 is a calcium-binding protein, and that COMP/TSP5 structure depends on its calcium-binding ability (28, 31) . Mutations in the type 3 calcium-binding repeats affect its ability to fold correctly into the mature conformation. Thus, calcium-binding is important for maintaining the proper structure of COMP/TSP5. According to sequence comparison and structural analysis, the deleted amino acid residue in MUT3 D469 is involved in calcium coordination, and deletion of this residue is expected to interfere with the calcium binding capacity and disrupt the calcium sensitive conformation of COMP/TSP5 (32) . In deed, the mutant protein has been shown to possess decreased calcium binding capacity with altered conformation of the molecule (31) . Furthermore, we have shown that the calcium sensitive conformation of COMP/TSP5 affects its function to support chondrocyte cell attachment through integrins (33) . In addition, we have noticed during our initial effort to purify COMP/TSP5 from conditioned medium in its native calcium replete conformation that it bound to heparin-Sepharose. This observation prompted us to examine whether COMP/TSP5 could interact with other glycosaminoglycans (GAGs) and GAG containing proteoglycans, including aggrecan. We postulated that in previous studies when COMP/TSP5 was isolated from tissues, chelation of calcium with EDTA during the purification procedures may have rendered the purified COMP/TSP5 in a calcium-depleted conformation. This led to results that may not reflect the function of COMP/TSP5 in cartilage extracellular matrix which is in a calcium replete environment (1, 29, 30, 34) . Therefore, in this study, we have reassessed the function of COMP/TSP5 purified in the presence of calcium and investigated whether COMP/TSP5 can interact with one of the major components of cartilage, aggrecan.
Materials and Methods
Proteins and Reagents: COMP/TSP5 and MUT3 were produced and purified as reported previously (31) . Recombinant COMP/TSP5 fragments were produced in Drosophila S2 cells as described in detail in Supplemental Data. These fragments included (1) the last type 2 repeat, the type 3 repeats and the C-terminal domain (E4T3C5), (2) the type three repeats and the Cterminal domain (T3C5) or (3) just the C-terminal domain (C5) (Figure 1 ). Aggrecan and monoclonal antibody against chondroitin sulfate were purchased from Sigma. Monoclonal antibody against keratin sulfate I22 was from Developmental Studies Hybridoma Bank (Iowa City, IA). Monoclonal antibody against aggrecan core protein is from R&D Systems (Minneapolis, MN). Glycosaminoglycans (GAGs) used for ACE experiments included porcine intestinal heparin, porcine skin dermatan sulfate (DS), bovine corneal keratan sulfate (KS), shark cartilage chondroitin sulfate (chondroitin-6-sulfate; C6S), bovine tracheal chondroitin sulfate (chondroitin-4-sulfate; C4S) from Sigma, and bovine kidney heparan sulfate (HS) from ICN. Affinity Co-electrophoresis (ACE) and Solid-phase binding assays: ACE assay was carried out as described before (35-38).
Detailed method is given in Supplemental Data. For solid-phase binding assay, purified COMP/TSP5 was coated at 5 µg/ml on Immulon II 96 well plates (Thermo Labsystems) in HEPES buffered saline (HBS: 10 mM HEPES pH 7.2, containing 5 mM KCl and 140 mM NaCl) with 2 mM CaCl 2 (HBS/C) at 4°C overnight. Extra binding sites were blocked with heat inactivated BSA (HI-BSA). Aggrecan at various concentrations in HBS/C were added to the COMP/TSP5-coated wells and incubated at 22ºC for 2 hrs with gentle agitation. After extensive washing with HBS/C, monoclonal antibody CS-56 against chondroitin sulfate (Sigma) was added to the wells, followed by HRP-conjugated goat anti-mouse IgG (ICN). The steps above were performed with buffers containing 2 mM Ca 2+ . Chromogenic substrate ABTS was added to the welsl and color development was recorded on a microplate reader (Tecan). Wells coated with HI-BSA but otherwise treated the same, were considered as background. To investigate the binding of COMP/TSP5 fragments aggrecan, COMP/TSP5 at 7.5 µg/ml, or its fragments at equal molar concentration, were coated and binding assay was performed as above, except that monoclonal antibody against keratin sulfate was used. Where interaction of aggrecan with COMP/TSP5 that is depleted of calcium ions was studied, after coating of COMP/TSP5 in the presence of HBS/C, the wells were incubated with HBS containing 5 mM EDTA (HBS/E) for 30 min at 22ºC, followed by extensive washing with HBS/C. Other steps were carried out as described above. For competition studies, after HI-BSA blocking, the protein coated wells were incubated with various GAG solutions at 0.5 mg/ml in HBS/C for 60 minutes at 37ºC. The plates were then washed with HBS/C, and continued with aggrecan incubation and development as described above.
Results
In our initial attempt to purify COMP/TSP5 from the conditioned medium, we found that COMP/TSP5 in the serum free conditioned medium can be retained quantitatively by heparin-Sepharose (Amersham Biosciences, Uppsala, Sweden). COMP/TSP5 remained bound on the heparin-Sepharose column with a wash solution of TBS containing 0.20 M NaCl, 2 mM CaCl2 in 10 mM Tris, pH 7.4. This indicates that COMP/TSP5 can bind to heparin under physiological salt concentration. COMP/TSP5 can be eluted from the column with TBS/C containing 0.55 M NaCl (Figure 2 ).
Binding to heparin suggests the presence of functional GAG-binding sites in COMP/TSP5. Since aggrecan, one of the major components of cartilage, have abundant GAG side chains of chondroitin sulfate (~100 side chains/core protein) and keratan sulfate (~ 50 side chains/core protein), we investigated the interaction of COMP/TSP5 with aggrecan using a solid-phase binding assay. Direct binding of aggrecan to COMP/TSP5 was demonstrated using an enzyme-linked immunosorbant assay with COMP/TSP5 in its native calcium-replete state. Using this assay, we showed that aggrecan can bind to COMP/TSP5 in a concentration dependent manner ( Figure 3 ).
Binding became saturated at aggrecan concentrations of approximately 100 µg/ml.
Positive binding of aggrecan to COMP/TSP5 was shown with both antibodies against the GAG side chains of chondroitin sulfate (shown in Figure 3 ) or keratin sulfate (see below, Figure 6 )., or against the core protein (not shown). This suggests that the whole aggrecan molecule, but not merely the side chains, bind to COMP/TSP5.S
We have previously shown that COMP/TSP5 is a calcium-binding protein and that calcium-binding affects its conformation (28, 31) . In addition, mutations in the type 3 calcium-binding repeats affect its ability to fold correctly into the mature conformation, and its ability to support chondrocyte attachment (33) . Thus, calcium-binding is important for maintaining the proper structure and function of COMP/TSP5. To determine whether the conformation of the type 3 calcium-binding repeats could affect the binding of COMP/TSP5 to aggrecan, and to determine whether the mutation found in MUT3 affects this function, we have used COMP/TSP5 with calcium chelated from the molecule, and MUT3 for the binding assay. When we chelated calcium ions from COMP/TSP5 with EDTA after coating, aggrecan binding to COMP/TSP5 was greatly diminished ( Figure 3 ). This data suggested an aggrecan binding site in COMP/TSP5 that was also sensitive to its calcium-binding dependant conformation.
In agreement, MUT3 showed greatly reduced interaction with aggrecan in this solid phase binding assay, regardless of whether MUT3 was in the calcium replete or calcium depleted conformation ( Figure 3 ).
Our data showing that COMP/TSP5 bound to heparin indicated functional GAG binding capacity of COMP/TSP5.
We therefore investigated whether COMP/TSP5 could bind to other GAGs directly. To evaluate whether COMP/TSP5 is a GAG-binding protein, and to determine whether the conformation of the type 3 calcium-binding repeats could affect the functions of COMP/TSP5, we tested the interaction of COMP/TSP5 with common GAGs found in cartilage, tendon and ligament in the presence of either calcium or EDTA. Affinity co-electrophoresis (ACE) was used to COMP/TSP5 Interaction with Aggrecan quantify the binding of COMP/TSP5 to heparin and other GAGs derived from various tissue sources, including chondroitin sulfates from cartilage. The results of these analyses are presented in Table I , and representative ACE gel images are shown in Figure 4 . In the presence of 2 mM Ca 2+ , COMP/TSP5 bound low molecular weight heparin with an average K d value of 88.5 nM. This is similar to the K d value previously determined for the binding of heparin to human platelet TSP1 (41 nM) (39). This was in agreement with our observation that COMP/TSP5 could be purified from conditioned medium using heparin-Sepharose.
To better ascertain potential roles of COMP/TSP5 in relation to GAGs and proteoglycans that are present in cartilage, tendon and ligament, heparan sulfate, keratan sulfate, and three chondroitin sulfates (C6S, C4S, and DS) were tested for binding to COMP/TSP5 in the presence of 2 mM calcium using ACE (Table I ). Our data revealed that COMP/TSP5 bound to the three chondroitin sulfates with comparable affinities, with Kds ranging from 336 to 583 nM, while binding to HS was weaker (1.2 µM). COMP/TSP5 did not bind to keratan sulfate (Table I) .
To further determine whether the conformation of the calcium-binding type 3 repeats was important for GAG binding, COMP/TSP5 was tested for binding to heparin and C6S in the presence and absence of calcium ( Figure 4 , Table I ). Figure 4 shows four representative ACE gels, comparing binding of heparin and C6S in 2 mM calcium and in 5 mM EDTA. The K d s measured from these gels are included in Table I . These results demonstrated that depletion of calcium reduced COMP/TSP5 affinity for both heparin and C6S. These data suggest the existence of a conformation-dependent CS-binding site in the type 3 repeats and/or C-terminal domain of COMP/TSP5.
To determine if the PSACH mutation in the type 3 calcium-binding repeats affects GAG binding, we measured the binding of MUT3 to the various GAGs in the presence of 2 mM calcium or 5 mM EDTA (Table I, Figure 4 ). MUT3 was able to bind heparin with a K d value of 128 nM in the presence of calcium. MUT3 also bound chondroitin sulfates, albeit more weakly than did COMP/TSP5, with K d s ranging from 563 nM to 1.04 μM. MUT3 exhibited no discernible binding to HS, or keratan sulfate. Treatment of MUT3 with EDTA also decreased its affinity for heparin by approximately 3-fold, and abolished its binding to C6S ( Figure 4 , Table I ).
The above data suggest that COMP/TSP5 can bind to aggrecan, probably through its chondroitin sulfate, but not its keratin sulfate side chains. To ascertain that the COMP/TSP5 interaction with the GAG side chains did contribute to COMP/TSP5 binding to aggrecan, we next tested the effect of GAGs on the binding of COMP/TSP5 with aggrecan. Both C4S and C6S were able to inhibit the binding of COMP/TSP5 to aggrecan ( Figure 5 ). In addition, heparin, which was shown in our ACE assay to be able to bind COMP/TSP5, also inhibited the binding of COMP/TSP5 to aggrecan ( Figure 5 ). The level of inhibition obtained with heparin, C6S and C4S paralleled the affinity of COMP/TSP5 for these GAGs as measured by ACE (Table I) .
To determine which domain of COMP/TSP5 was responsible for aggrecan binding, we have expressed recombinant COMP/TSP5 fragments covering the various domains of this molecule. These included a fragment containing the fourth EGF repeat and the type 3 calcium binding and the C-globe domains (E4T3C5), a fragment containing the type 3 and the Cglobe domains (T3C5), and a fragment containing the C-globe alone (C5, Figure 1 ). These fragments were used in the solid-phase binding assay, in comparison to full-length COMP/TSP5. Our results showed that all these fragments, in addition to the full-length molecule, were able to bind to aggrecan, with the best binding obtained with the C-globe domain alone ( Figure 6 ). To probe whether this was caused by higher coating efficiency of the C-globe region to the wells, we have used an anti-V5 epitope and an anti-polyhistidine antibody for a direct ELISA assay, and found that Cglobe fragment was not preferentially coated over the other fragments containing the type 3 repeats (results not shown). To further investigate the interaction of C5 with aggrecan, we determined if this interaction was sensitive to the presence of calcium ions, and if this interaction can be also mediated through aggrecan side chains. Using solid-phase ELISA assay, we found that chelating calcium ions with EDTA after coating of C5 onto the plate did not affect the binding. When GAGs, including heparin, C4S, or C6S were included in the assay, they were able to partially inhibit the binding of aggrecan to C5, with approximately 25% inhibition ( Figure 7) .
We also used heparin-Sepharose affinity chromatography to characterize T3C5 and C5 binding to GAGs. T3C5 bound to and was retained on heparinSepharose column. While the majority of COMP/TSP5 was eluted from the column at 0.55 M NaCl (Figure 2 ), T3C5 could be eluted with 0.25 M NaCl (data not shown). The decrease in apparent affinity for heparin may be due to the fact that COMP/TSP5 is pentameric and T3C5 is monomeric. The C5 recombinant protein did not bind heparin-Sepharose (data not shown).
Discussion

COMP/TSP5 Interaction with Aggrecan
COMP/TSP5 is an extracellular matrix protein that is abundant in the musculoskeletal system including cartilage, tendon, ligament, and synovium. However, despite intensive studies on COMP/TSP5 and the fact that COMP/TSP5 is associated with several pathological conditions, its function in connective tissue remains uncertain. In our previous studies, we have shown that COMP/TSP5 is a calcium-binding protein and its conformation is influenced by the amount of calcium bound by the protein (31) . Since COMP/TSP5 under physiological conditions exists in an environment where the concentrations of calcium are in the mM range, we assessed the functions of COMP/TSP5 purified in a calcium replete conformation. We then asked if chelation of calcium ions affects COMP/TSP5 function. In our previous studies, we have shown that COMP/TSP5 can support chondrocyte attachment, and this function is sensitive to the conformation conferred by calcium binding to the molecule (33) .
In cartilage, three groups of molecules, collagens, proteoglycans, and noncollagenous proteins interact with each other to form a highly organized and specialized connective tissue matrix. This matrix and the embedded chondrocytes are responsible for maintaining the health and conveying the physical and biomechanical properties of the tissue. Thus, articular cartilage function is dependent on the highly organized ECM structure. COMP/TSP5 is one of the major noncollagenous proteins in the cartilage ECM. It constitutes up to 1% of cartilage wet weight. Whereas elevated COMP/TSP5 levels in serum and synovial fluid are associated with some conditions of OA and RA, generally, a decreased amount of COMP/TSP5 remains in the cartilage (11, 13, 14) . The site of expression is mostly in the superficial fibrillated cartilage of OA and RA patients compared to expression in the deeper zones of normal cartilage (11) . Fragments generated by degradation of COMP/TSP5 have also been detected in serum, synovial fluid and cartilage in these patients. These data suggest that the correct expression and distribution of COMP/TSP5, and inherently the correct interactions with its binding partners in the matrix may be important to the homeostasis of cartilage. It has been shown that COMP/TSP5 can interact with collagen, an abundant component of cartilage (26) (27) (28) . In this study, we found that COMP/TSP5 interacts with the other major component of cartilage ECM, aggrecan. It is possible, based on our data and the data demonstrating the interaction of collagens, that due to its pentameric structure, COMP/TSP5 can serve to mediate interactions between different matrix molecules, and help to organize the cartilage matrix which can ultimately regulate the load bearing function of cartilage. Indeed, the expression of COMP/TSP5 seems to correlate with the function of tissues to support load. Articular cartilage, which experiences higher loading, expresses higher level of COMP/TSP5 (5 mg/g wet weight) than rib (0.26 mg/g wet weight) and tracheal cartilages (0.04 mg/g wet weight) that are not loaded as heavily (40).
During mouse limb development, COMP/TSP5 expression coincides with the elaboration of a weight-bearing chondrocyte matrix (10) . Tendons receiving the most load have the highest levels of COMP/TSP5 in the same animal (8) . In a foal whose unilateral forelimb was rendered non-weight bearing, COMP/TSP5 was expressed at considerably higher levels in the metacarpophalangeal joint articular cartilage and digital flexor tendon in the weight-bearing limb as compared to the non-weight-bearing limb (8) . The above observations suggest that in vivo, COMP/TSP5 is synthesized in response to load, and its presence may be necessary for cartilage and tendon to resist load.
In the course of this study, several important observations were made regarding the functions of the wild-type COMP/TSP5. First, we have shown, for the first time, that COMP/TSP5 in its native conformation can bind aggrecan. Aggrecan is one of the major components of cartilage ECM. The ability of articular cartilage to resist compression is primarily due to the presence of aggrecan aggregates. The high density of fixed negative charge of the glycosaminoglycan chains draws water into the tissue, resulting in a large osmotic pressure (25) . The balance between the osmotic pressure of the proteoglycans and the tension in the collagen fibers results in a highly specialized connective tissue well suited for bearing compressive loads. Cartilage tensile stiffness and strength, on the other hand, is determined primarily by the collagen network. Results from other labs have also shown that COMP/TSP5 can bind to the other major components of cartilage ECM collagens types II and IX (26) (27) (28) . Through binding to these two major components, it is possible that COMP/TSP5 may function to organize cartilage ECM.
We have further shown that the "signature domain" (T3C5) can mediate the interaction of COMP/TSP5 to aggrecan. The X-ray crystallographic structure of the "signature domain" of TSP-2 indicates that the type 3 repeats and the C-globe region fold together to form a single structural domain in the presence of calcium (32) . Interestingly, our results show that the C-globe (C5) alone displays a high level of aggrecan binding that can be greater than intact COMP/TSP5 (Figure 6 ), and this binding was not affected by EDTA treatment of coated C5. By contrast aggrecan binding to the full length COMP/TSP5 was COMP/TSP5 Interaction with Aggrecan the strongest when the molecule was in the calcium replete conformation. In addition, the interaction of COMP/TSP5 with aggrecan appears to involve the chondroitin sulfate side chains, however, the interaction of C5 with aggrecan is only slightly inhibited by soluble chondroitin sulfate. Finally, C5 does not bind heparin as measured by heparin-Sepharose affinity chromatography. Taken together, the data indicate that the binding of C5 to aggrecan does not accurately reflect the activity of the intact protein and is distinct in terms of mechanism from that of COMP/TSP5. This interpretation suggests that, in the calcium replete form of intact COMP/TSP5, the type 3 repeats mask a cryptic binding site for aggrecan in the C-globe and present a distinct binding site. This site may involve amino acid sequences from the type 3 repeats and/or the C-globe and require the correct folding of the "signature domain". Unfortunately, we are not able to address the contribution of the type 3 repeats because this domain could not be expressed in our system. Since EDTA treatment of intact COMP/TSP5 diminishes its interaction with aggrecan, it appears that the aggrecan binding site in C5 remains cryptic under these conditions. The results underscore the importance of studying the structure and function of the members of the thrombospondin gene family in the presence of calcium.
In addition to binding to heparin, we report that COMP/TSP5 also binds to chondroitin sulfates, including chondroitin-4-and -6-sulfates, and dermatan sulfate with comparable affinities. The affinities of COMP/TSP5 for chondroitin-4-and -6-sulfates are similar to those of TSP-1 (39), suggesting the presence of physiologically relevant GAG-binding sites in COMP/TSP5. Chondroitin sulfates are the major GAGs expressed in cartilage, tendon and ligament. This suggests that COMP/TSP5 may be a functional chondroitin sulfate proteoglycan binding protein in these tissues. Indeed, using direct binding assay, we have shown that COMP can bind aggrecan in a concentration dependent and saturable fashion. Preparations of CSs preparation can inhibit this interaction, indicating that the binding of COMP/TSP5 to aggrecan is at least in part through the interaction of COMP/TSP5 with the GAG side chains.
Since commercially available CS preparations were used in this study, it is worth pointing out that these presumably C4S or C6S preparations are enriched in the respective CS only. For example, C4S from Sigma contains approximately 70% C4S with the remaining balance as C6S. Therefore we can not definitively decide which CS is responsible for binding to COMP/TSP5. Collectively, our results suggest that COMP/TSP5 is a functional aggrecan binding protein through interaction with its GAG side chains.
Our results also show that the affinity of full length COMP/TSP5 for GAGs is influenced by its calcium-dependant structure. In the presence of EDTA, COMP/TSP5 binding to chondroitin sulfate is abolished. Similarly, after chelating the calcium ions out of COMP/TSP5, binding to aggrecan is abolished. These data suggest the existence of a conformationdependent CS-binding site involving the type 3 repeats and C-globe of COMP/TSP5. In agreement, compared to COMP/TSP5 binding to GAGs in the presence of calcium, the affinity of MUT3 to GAGs was decreased in calcium replete conformation, and the affinity is further decreased when calcium ions are chelated from the molecule. Reflecting the decreased affinity of MUT3 with the GAGs, binding of MUT3 to aggrecan is greatly reduced as compared to the wild-type COMP/TSP5 in the presence calcium.
The fact that MUT3 had weaker binding to aggrecan may provide a mechanistic basis for the observation that mutations in the type 3 calcium-binding repeats cause the phenotypes of PSACH and EDM1. In PSACH patients, COMP/TSP5 is expressed normally in tendon and ligament ECM (7, 22, 23) . Our data suggest that the portion of mutant COMP/TSP5 that is secreted in cartilage, and the mutant COMP/TSP5 present in tendon and ligament, may be functionally defective in its interaction with extracellular matrix, thus affecting the stability of the tissues. Decreased COMP/TSP5 interaction with GAGs may contribute to phenotypic abnormality in tendon and ligament that have been observed in PSACH patients.
In summary, we have shown that COMP/TSP5 interacts with aggrecan through its "signature domain" and the GAG side chains of aggrecan. We have further demonstrated the importance of calcium-binding to the binding of COMP/TSP5 to aggrecan and shown that COMP/TSP5 mutations reduce this interaction. Our studies indicate that COMP/TSP5 has the ability to bind proteoglycans and may function in matrix-matrix interactions within cartilage and other musculoskeletal tissues.
Through these interactions, COMP/TSP5 participates in the formation and maintenance of the architecture of the chondrocyte extracellular matrix. Recombinant fragments of COMP/TSP5 include E4T3C5 that spans the last type 2 repeat (oval modules), the type 3 repeats (rectangles) and the C-terminal domain (globe), and T3C5 that includes the type three repeats and the Cterminal domain, and C5, that is composed of just the C-terminal domain. The site of mutation that gives rise to MUT3 (D469del) is also indicated. Solid phase binding assay was carried out as described in Figure 3 with COMP/TSP5 coated in the presence of calcium. GAGs at a final concentration of 0.5 mg/ml were incubated with coated COMP/TSP5 before aggrecan was added to the plate. Binding was expressed as % of binding of COMP/TSP5 to aggrecan without any GAG competitors. Figure 6 . Binding of COMP/TSP5 fragments to aggrecan molecule. Solid phase binding assay was carried out as described in Figure 3 except that antibody against KS was used in this experiment. Proteins were coated in the presence of 2 mM CaCl2. Shown are average ± standard deviation.
Figure 7. Competition of GAGs for aggrecan binding to C5 of COMP/TSP5.
Solid-phase binding assay was carried out as described in Figure 3 with C5 coated in the presence of calcium at 2.5 µg/ml, which is equivalent in molar concentration to COMP/TSP5 at 7.5 µg/ml. GAGs at a final concentration of 0.5 mg/ml were incubated with coated C5 before aggrecan was added to the plate. Binding was expressed as % of binding of aggrecan to C5 without any GAG competitors. 
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